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An infomiation recording medium having such a recording material layer on a substrate where reversible phase transition between 
electrically or optically detectable states can be caused by electric energy or electromagnetic energy. The recording material forming the 
recording layer is either a material having a crystal structure including lattice defects in one phase of the reversible phase transition or a 
material having a complex phase composed of a crystal portion including a lattice defect in one phase of the reversible phase transition and 
an amorphous portion. Both portions contain a common element A part of the lattice defects are rilled with an element other than the 
element constituting the crystal structure. The recording medium having a recording thin film exhibits little variation of the recording and 
reproduction characteristics even after repetition of recording and reproduction excellent weatherability, strong resistance against 
composition variation, and easily controllable characteristics. 



AE T^^fiSa» 

AG TVt-aVT- 

A L 7A"<~T 

AM YA>*~7 

at *- *h;t 

au *h?yr 

AZ 7fM-{5?+> 

BA #X-T • ^v/wyx^lfi- 

B B '</l"< K* 

B E 

BF ^t-7TV 

bg ^yr 

B J 

BR y^^U 
BY 

CA *rfy 

CF **77y* 

CG =»>=^- 
CH 

CM 3&>/U— > 

CN *B 

cr • y * 

CU 

CY *^o^ 

CZ fxya 
DE 

DK ^^—9 



DM 




KZ 


DZ 


LC 


EE 




L ] 


ES 




LK 


F I 




LR 


FR 




LS 


GA 




LT 


GB 




LU 


GD 




LV 


GE 




MA 


GH 




MC 


GM 




MD 


GN 


*-7 


MG 


GR 


*y->+ 


MK 


GW 


if~7 • tr** 




HR 




ML 


HU 


/>^3try- 


MN 


I D 




MR 


I E 




MW 


I L 




MX 


I N 




MZ 


I S 




NE 


I T 


>r*yy 


NI- 


J P 




NO 


KE 


>r~7 


NZ 


KG 




PL 


KP 




PT 


KR 




RO 



#-?7*9> RU 
±> hA->T SD 

Ukf» a ^>fy se 
*y • SG 

y-cyr si 

i^y h sk 

'J b7—7 SL 
A*? ±^7^? SN 
7h^7 SZ 
^■oya TD 

TG 

^Ktfr TJ 

tm 

K=T»~-=f*5tf-/X TR 
#ld@ TT 

^y TZ 

UA 

* — y 9 =-T UG 

US 

y**>=j uz 
*-^^tr— ^ vn 

A, YU 
ZA 
zw 



ov/7 

S77V^fPi 



WO 00/54982 



PCT/JPOO/01489 



m M » 

JH&S^KiflhifcT^ x ®ii5£-£> C tile -9-7 $ ? a >1M 

X* -ZWL K> &A,fi V -If lf~ A £Mt 6 C t K «fc ^ TM^©IB^ • S 

K tt S> ^ tflS^J^Ei ^ti5o 7*^7 7X*i &Hg|$ <h t? (*#;©^ 

ess© — if if - a & t . wmymmt*m&itm<ou 

(1) 1 #© -If tf- A©££ffl ^TS^imZM Ltt^&ffL^Sf 



WO 00/54982 PCT/JPOO/01489 



(2) rn^mm • n^mmmomwtmt <Kmmomt-cm^^n 

5 ^fS^^TUSo 

ffi^b*^^ X^©IB»JIIcaffl*n*IB»**»t LTttx Te,Se,S 

-e&£ 0 1970^1083 Te£±g£#<»: LGe, Si, As^Sb^©^jD#*4 

H4b;i§K^;*:£ < ®T LT% S£Sl*.*<ffi8fc:tt £ <h ^ 9 FM*<& 0 » 

7rXtt»3ft<a*W5R3eKtt*i^ < 5HI«*#LT^fco 19 
80Wt¥i:^ot^ :*l4l5?fttS$ii LT<bfii©ft^W 
15 fig^iiffl-r-SC ttfUmiStlfco ^RtfGe-Sb-Te^ In-Sb-Te^. GeTe 

& (N. Yamada et al. Jpn. J. Appl. Phys. 26, Suppl. 26-4, 61 (1987 

20 )) 0 4t¥$}&mmi&-cte^ttmmi&t txii. Ag-in-sb-Te $jws%3 
tittle z®#mu m^temmti-z^zctTbrn^ztir^ztf 



2 



WO 00/54982 



PCT/JPOO/01489 



5 lo(ig)c)imf(cN 2 ^X^Jn^fT9^ST*^ (#§{§¥4-10979^&$B)o 

mu cti^ii^WJ^Jtsy ii-xu-hmm.znx^z($i. Kojima e 

t al. Jpn.J.Appl. Phys. 37 Pt. 1, No. 4B, 2098(1998)) o 

10 not zx&tm^z tiT^So 

. ^L^ifife^®*^-^^^ h©lt^3gLK<fc£iM#Si31$l£ 
ffl]*iJtttti^fS]±-r-5ii^^fft)tlT^§ e ^^#^¥7-214913-t^« 
15 y #-;CAIiBJ^SftTl*ft^\ Ge-Sb-Te IgfcPt, Au, Cu, Ni& 

i£T-f SMlW&&<> BP*.. ftire(*1£tt©lltt6^-r>r 7&aT©£& 

Sfc&j::tifB&v-*©1Mx*£/jN£ < !2&^-* 



3 



WO 00/54982 



PCT/JPOO/01489 



«Klf26§&©tttl£=i > h D-^nrt6«:IB«^ &fr*i6 t>*lT^fco 
ffi^ftW^© t> 9 lo©j£ffi#^<!: IT, */^W Ktt*4&JB^ 

15 as-depo.tt«©ffi^ft«»*«iK»*^*£E*WlDlLT^< 

«*<«ftS J: 9 i:<t«06Sftt5)o - ©tKBfr &5c©ffiJ6tfi;ttJI(0FF 
ttJB)fcM-*-»&fc«> *£<Tfi^««E'<;l'X£iitfSo t 

25 %W©PgjE 



4 



WO 00/54982 PCT/JPOO/01489 

i-r So y *y f'*^ x©*ij& fifty * u t-feit^ * u -cb^-ftm 

mRm»M*l&l&-t TIBAXW:B©#*4-T?fc»K fro 
M!B&^»©*!>tt < i t-^^BUfH^ H B H «lig^«fi5c#S7c^^©7t; 

15 a. ME^a!Wffl^k©--o©ffiic43^T»?^ia*^t?iss»ji*w 
20 jfcc*^ifl©ii*EiiJi#©»ji*ifet±^ ssLt^ nm**-*)^- 

MIH^^Wffi^b©-o©ffi^^M^^^^B H B^^ ^oIH^ 
25 #&£JB^TMgEiafiJI*J&fifcU ^2m5cmt-ck-?TME:XS©4>tt< 
<!: k-8B£Sa6£ d k^mWlt-tho 

5 



WO 00/54982 PCT/JPOO/01489 

t> © £ 0 ft****©**? * jc^Jn«5x#*Sfe at? C £ -??§*t*4©# 

15 ^^^^©Maffl^M-rSTt^^TXffiCiiJ^tt^^Jt^ LT2.0 
P;T(7t^7r xWifiC2g^')t^5: iift L<> 1. 0£* 

20 ^(NaClB)©M^^0t tl^o B«fHL^«J:9{-> C©S^*f-#tti 

IHr&Si&&A,*:t>©£ffl^<5o c©l!gk ME&^SS-Sa&^Tcfgi: 
LTtt. ffi[Efe?fc«*Sa*5c*©**>¥&*Rii> buE^^^M 
£ TnfSI© 9 l W * > © -f * Rnci 1" a 

25 Rim^Rnc{c/«£S-<< 0(*.tfO. 7<Rim^l. 05Rnc«t 



6 



WO 00/54982 



PCT/JPOO/01489 



BiJES£J&*Sa©ttj&£Tnc£-*- £ t Timi Tnctefc < i£V^C 
<h> I Tii-Tnc I ^lQOVZMfrt C ttfftt tfcx i 

*5£*©«Jn*K* D im. |BES*SJ&l&a4»©» : Pfc 
tl^^Eit^Ddfi-r^i^x Dim^Ddf xl.5"e&£ C <h^0* t < „ 

^7rXfiiMt5l!li LTfcU Sb, Bi, In, Ge, Si®4>fc < 1 1> IS 

ttf&H L^Z. fefcSo 0Jx.tf. &a®£$i&ta5n^Ge,Sb,Te© 
3 5t;££jjfc# £ * S £ S * 7**7r X*8 liSb^Ge££j?!c# £ 1" £ C £ 
*<#£H.\, BiJ©ffi^0HiLTtt^ <L&^ffitf<Ge,Sb&tf/XtiBi&tn 
,e*#*T*;l/7 r Xffi3ft<SbROf/-XttBiXtiGe*^tfC: i*<$ 
15 £LW ^LTM B H B ffi t t'^«Sn,Cr > Mn,Pb ( Ag,Al,In,Se > Mo©tti^t, 3 l{i' 

Zti)<1fr£ L<> * £>»;:SbRtfBia>b^tf*l&4>tt< t h lo&^frC 
i^tlW tt^T?t>l(rE««[»ttS©ft*t»ttlifc3ft<x GeTe-Sb 2 Te 3 

20 SI 2 5c^m^s GeTe-Bi 2 Te 3 M2 7L%m.f&* fctt Z tl&OM&MK 

-StKt^L^o IJEg£JBt£££*l£*'S7C**<Ge.T 
e,Sb*$t?»^ XliGe,Te.Bi£#fr»£l;:fcU &T#S£S#>£7nS 
3&<£j>fc < <h *>A1, Ag, Pb, Sn, Cr, Hn. Mo®4>& < t k 1 5ui 
U\, MEgttJBI&a©**m*Ififc*<> ( 6eTe >i- x 0 | 2 Te 3 ) x N tz 

25 fc'U 0.2^x^0.9 (MttSb,Bi*yi:ttAl3^&ai«rtl*^"f tl*^lo©x* 



7 



WO 00/54982 PCT/JPOO/01489 



<. § t>ic(GeTe) lx (M 2 Te 3 ) x > 0.5^x^0.9 JCSHT— Scf t) 
*<l2»«5tt*|fil±^* UT*0* LW NH^tD^SDn^ 0.5atom*^ 
5 ^&^^cAl,C^,Mn^a^6ii^^^lC(i^^)igLtttl©|SI± ; &#S±T' 

10 te|n]±©fc#>l;:J:«33&mft-e&£o Ge-Sb-Te^Ge-Bi-Te&Sr^-X** 
*4K^<51§&> l&RtfSnXttPb©^^ <h b^ttlfr tM,Cr£ fcliMn 

Mim%<Z>ft-t : tntif\zmi&t2>±T*1fr* £*:SiiXtiPb©4>fc< 

15 <Dft±&m9*fcMf&t Z±-C&t L^o *rt:Al,Cr$ fcliMn©4>fc < <h 
fe^^tl^iAgi^rlillSriwiiffi-r-Sditts II «9ig Lttfii©|SU:<t{a-f 
StS©lSj±^I^Nf{C(pJ±-t<5±T'$f* L^o Al.CrSfcttM 
n©4>tt< t t>^-fn^tSn*fct±Pb©il>« < £ t> tlfr <h <?: Ag£ U 

20 ti©lRj±*^lNflcii^ LK 

25 GeiTe^r^trC^Wt L < > $ £> {cAl, Sb, BiC^-fftfr^k C 

iff^L^o ft?fcSl*SJ&<5 5G*£ LXt < Ag.Sn.Pb.Al.Cr.In, 



WO 00/54982 PCT/JPOO/01489 

(Dtp**®® • it¥mz&fem*&<ft¥MzmwKtt®zm^zit>K 

ZnS, SiOg, ZnS-Si0 2 , SiNO, SiN, SiC, GeN, CrgOg, AlgOgWIf * L W £ 
25 Hltt*5feW©1t«E»ISE(tKaffl^««*WttEfill©*i& C»S 



9 



WO 00/54982 PCT/JPOO/01489 

Lfrbgmi&m&vmi&ZtlT^-Z* giiBiij£(rock-salt type str 
ucture)^^-r5^fl[g©rt^ 4alM h fit ^TTeJgm#£W U 

5 2PJm*> ±IB4b1M h££fe£MTO^©BiJ©Ii^£±f2&T^iB{;: 

-ffc^fOJS^EK) ©JgiJ©— ^J*lft«»-r5fc»oms:B|-e*oT^ IBM 

3&<eaffi^fc^-ctt^ffi*i**^*s-r5o bps. H2 4v (a)» 

BI3 A-EI3 D«\ B2©*iS*«fcO:£#Wfc*Lfc0!lT?*3o 

15 bu a~4 j it^mo^^mmmmmwomm^m^tittbcD 
mwommm^to m*p, mmm, mmm(m&{ttt&m* 9,10 

^ 15tt^®S> 16,17(i^®g> 18tt^!RiR*x 19liRWJIGfeAI*tt) 

s 20, 21 it ^ -r n *> ±ts&@i£!g©£Ji!i£* l t s 0 

25 s m& Btt4T/*^X©*£©IEiittt6N EI6 C(i5 T~l 1 T^WX 

®^©iB®ttt6-e*So 



1 0 



♦ 

WO 00/54982 



PCT/JP00/01489 



m 8 a ~ f 9 a~ei4> xmrnommmmmmzmmt * &m 

5 1R^2 tp(D^1rti(D4k&%aWi\zbjtfJfc'fZo 

Ell 0 tt*^|oSliW^ *.U -r'M x (Smffi4«:©oj^^k^ * U 
) ©S^i§^^-r0^*So El*. 23li£*u 24,27iiB@. 25ttffe 
26ttffi«ftWHKx 28.29ttX'f yf, aOli'^xMSU 31Jiffi 

4S:«i5iST?**o 
io %Bfl£Hite-9 w &*:a6©g.g©fl£tg 

flu s±«tc^-A3-M2*jgLfct>©> bKWz-rmm 
mn&frt'c&mfcu&te'o&fritfc So .eft 

1 1 



WO 00/54982 



PCT/JPOO/01489 



myt&m®mt*&&i- z> z txno 0 
5 mm&&v*<oft^M&x<®m^vzzt&xzzo zvixMwmk 

mt LTGe-Sb-Te&#^£ffi^TifcHJ^* 0 Ge-Sb-Te$m#l/-«S* 

7&*(N. Yamada et al..J. Appl. Phy.69(5). 2849 (1991) X SiS©^ 
©0F3£(MBS-Bulletin, 21(9), 48(1996)) fii* Lrt: £ o X&m*% 

io owmmommmmzm i/ > # v v um^xnm) % nx ^ 

5«k9fc> H5l2^^*B-e«^< ©*&^fi(vacancy)^^^Wlc#t 

*t «k 9 ClS^KlteS-r *» : FflClt(4a-b->r > ) tt-t^TTelg^ 1# 
15 NaJj^KffiS^&TOfiUblM h)^GeMT 2 tSbm?Zti)< 

mi&}kKJ&\:X7>y&lz&ti>Z>Z.kKtzZ 0 tZZt>K GeJBsB^SbJ© 

fcU 20X»£ , <Dte : P*»4(£U'>r h<D10%Mm&X% Z> Z t\Ztl 2> 0 Z 
©&^d»©ftgt>5 >^A|:j?|ELtl^ (EI4k 4alM h©lH4d[ 
20 fifi— 0jT*fc6) o 

ft*. ^B^^(ic©Ge-Sb-Te^T-{ifflgc^^b^-ti-Tt> «t3^ 

-©SiM^ig^w-r sefifca zzt LT^fca^ r < s# 

<x£l)«)J;9tt^T?Sb*ateSSflDLTt>s SblS : FttiSB» : FfcttA& 

25 *\ &m Ltzs\>n*\t&&n*tofmKM<»m&xuft.-tz> z. t&t>& 

ofeo t < fill/— ^jga-fbOlS^I-ttT^^^ rXli Lt#lEtS: 



12 



WO 00/54982 



PCT/JP00/01489 



. K *J V 5 tmm®Mi& (^Ge^Te^ll tSb<D2ft$k&ttl 

M*£.m t T»BfrWtefflfifej&<£»* * t U 5 <fc 9 SUCH 
d©J#£lCli. SbtGe-Sb-Te©ife^*<^tci£^C:«t. Ge-S 
b-Te* *> Sb*^ * ti £ i V ^9 3 £ T'fi^lSI^Jiff L ^ t V ^9 f U 

0 x*tt < <fe©7n^T- t>SS^ s nro * sbt tettJa^Mfc £ t> ©a^ 

LT^££#;i£*lSo fiP^> PRfrf^fciT-fcoTk. PdiiGe-Sb- 
Te££j&# £: "T £ (C li A b ? . Mt Ge-Sb-Te t \z ftm t 

rose ££^LT^£ fe©£#/tt>ft6o Pda^MfcPrgtigiifcft^ 

. Um%£*U*)&-?t^ fz^t <Ge-Sb-Te<hPd©2*BKffl#!$LTL 
25 M 4 f>^-t?*)^#tt©$»J^^M{cff^S^^T'^<x K^fcOSLtt 



l 3 



WO 00/54982 PCT/JPOO/01489 

£ iT?ttft<bfi*^»Sfti«K**J»"e* * - is SPSS* 
t5Cti:t£5o :0CtliiIffli7*^7 7Xfii©l8I"effiW 



14 



WO 00/54982 



PCT/JPOO/01489 



MttnZ'&Z GeTe-M 2 Te 3 (M(i^J^.lfSb,Bi, Al^)7?*f 

^^^GeTe-BigTe^M^^^itSGe-Bi-TeM^x XttGeTe-AlgT 
5 e 3 ^^ t + 6 Ge-Te-Al&*t*4 C^^T ttte^fc^^ifMMtflP 
^ffit LTtiJ^-tSo cn^Ofi^tettJ*Ge-Sb-Bi-Te*-«P»Ge- 
Sb-Al-Te, Ge-Bi-Al-Te, Ge-Sb-Bi-Al-Te©H&K fsj IT < 
t % *ta*B3ft<i(»^)i«i LT&mtZZ ti)<t>fr^ti 0 Te©— 35 

£Se-?g Ge(Te, Se)-M 2 (Te, Se) 3 #*4> ^RtfGe-Te-Se-Sb. Ge-T 

10 e-Se-Bi, Ge-Te-Se-Sb-Bi, Ge-Te-Se-Al, Ge-Te-Se-Sb-Al, Ge-Te-Se-Bi-Al 
,Ge-le-Se-Sb-M-kimoM&K&mn®Ml&i) v &l>tliZo 3 fcs Ge©— 
gP^Sn^ PbTfi £ Ge-Sn-Te-Sb, Ge-Sn-Te-Sb-Al, Ge-Pb-Te-Sb, Ge- 

iIJ£$j§©4b1M MiTe(XttSe)*<£aiK 4a1M h £ffe©5G3&M?&<£a& 
ZZtKKZttZt. Te(X(iSe)©M^{i> M©0?|S[«t ^) 

20 tt^fcEITCttttt.^ g^©^^*B^it-S^#(bLrx 

ic-^©^^s^^-e*5ct^#^bti^o bps* ^«£s«><k 

< ft £ <h U 9 C £ M £ ft £ o 
25 i©T§S5c^<i:SJ6'5 d iO-Pitt^fti^ffSU *©-o©^ 



15 



WO 00/54982 PCT/JPOO/01489 

mttntm&tzTcmwT', m-ataiM Meters**** 

■T 55c^©-r * Rnc. »7C^©-T * >¥S^Rim<i:-r S <h £ 

f*Ge 4+ ^ tXD'f* >¥St*0. 671?* Z>i>K Sb 5+ -f ;* >© 4 * > 
¥&f*0.74#nu Te 2 "-Y4->©^^>^Stt2.07/im-e*f9> Ge-Sb-Te^ 



15 



20 



25 



1 6 



WO 00/54982 



PCT/JP00/01489 







4*> 








4*> 




No. 


CD 


¥S 


ftfe£ 


No. 


CD 


*m 


M& 






(nm) 


ec) 






(ran) 


CO 


1 


N&+ 


2.7 


-209.86 


41 


Ta&+ 


7.8 


2990 


2 


y&+ 


5.0 


1890 


42 


Mn3+h 


7.9 


1240 


3 


S4+ 


5.1 


112.8 


43 


Co2+l 


7.9 


1490 


4 


Si4+ 


5.4 


1410 


44 


Fe3+h 


7.9 


1540 


5 


P 3+ 


5.8 


44.1 


45 


Tc4+ 


7.9 


2170 


6 


Be2+ 


5.9 


1280 


46 


Mo4+ 


7.9 


2620 


7 


As& + 


6.0 


817 


47 


W 4+ 


8.0 


3400 


8 


Se4+ 


6.4 


217 


48 


Hn2+1 


8.1 


1240 


9 


Ge4+ 


6.7 


937.4 


49 


Ti3+ 


8.1 


1660 


10 


Mn4+ 


6.7 


1240 


50 


Rh3+ 


8.1 


1970 


11 


Re'+ 


6.7 


■ 3180 


51 


Ru3+ 


8.2 


2310 


12 


A13+ 


6.8 


660. 37 


52 


Ir3+ 


8.2 


2410 


13 


0,3+1 


6.9 


1490 


53 


Nb4+ 


8.2 


2470 


14 


Fe 3+1 


6.9 


1540 


54 


Ta4+ 


8.2 


2990 


15 


Cr4+ 


6.9 


1860 


55 


Sn4+ 


8.3 


231.96 


16 


Re6+ 


6.9 


3180 


56 


Ni2+ 


8.3 


1450 


17 


Te°+ 


7.0 


449.5 


57 


Ho3+ 


8.3 


2620 


18 


Ni 3+1 


7.0 


1450 


58 


Hf4+ 


8.5 


2230 


19 


As3+ 


7.2 


817 


59 


Mg2+ 


8.6 


648.8 


20 


Mn3+1 


7.2 


1240 


60 


Zr4+ 


8.6 


1850 


21 


y4+ 


7.2 


1890 


61 


Nb3+ 


8.6 


2470 


22 


Mo°+ 


7.3 


2620 


62 


Ta3+ 


8.6 


2990 


23 


Sbb+ 


7.4 


630. 74 


63 


Ge*+ 


8.7 


937.4 


24 


Ni 3+h 


7.4 


1450 


64 


Cu2+ 


8.7 


1083.4 


25 


Rh4+ 


7.4 


1970 


65 


U5+ 


8.7 


1132. 3 


26 


f 6+ 


7.4 


3400 


66 




8.7 


1860 


27 




7.5 


1490 


67 


Zn2+ 


8.8 


419.58 


i 28 


Fe 2+1 


7.5 


1540 


68 


Sc3+ 


8.8 


1540 


29 


Ti 4+ 


7.5 


1660 


69 


Co2+h 


8.9 


1490 


30 


Ho5+ 


7.5 


2620 


70 


L1+ 


9.0 


180.54 


31 


Ga3+ 


7.6 


29.78 


71 


Bi°+ 


9.0 


271.3 


32 


Pd4+ 


7.6 


1550 


72 


Sb3+ 


9.0 


630. 74 


33 


Cr3+ 


7.6 


1860 


73 


Pd3+ 


9.0 


1550 


34 


Ru4+ 


7.6 


2310 


74 


Cu+ 


9.1 


1083. 4 


35 


W fa+ 


7.6 


3400 


75 


Pb4+ 


9.2 


327. 502 


36 


Pt4+ 


7.7 


1770 


76 


Fe2+h 


9.2 


1540 


37 


Ir4+ 


7.7 


2410 


77 


y2+ 


9.3 


1890 


38 


0s4+ 


7.7 


3045 


78 




9.4 


156.61 


39 


V3+ 


7.8 


1890 


79 


Pt 2x 


9.4 


1770 


40 


Nb5+ 


7.8 


2470 


80 


Cr 2+h 


9.4 


1860 



1 7 



WO 00/54982 



PCT/JPOO/01489 



;gjg©Ni 3 V*>< £>^©$gfflT*£*ltf> fe=f-*KhZ>nim , &tf±%^ 
5 o BP"^ V,S,Si > P,Be,As,Se.Ge,Mn,Ee,Al,Co,Te,Cr,Ni^W^I"e*§o 
jy±©4 J T\ #tt^jg£#£^kbftftUBe,As,P N £Ge, 
Te> 1&mm7mx~&Z>lem*mi\Z, V,S,Si,Mn,Al,Co,Cr,Ni^j&<ii£ 

V^ 0 Wx.tfg«^«lfi*i*^«l*o< STcSROJi&fcfcM&^KiAD 
^"T^C <fc T^So JlttftKliAgSbTe^ftSAg©*!^ SnT 
e£o < £Sn©Jj|&. PbTe£o < SPbOJi^tt^fc A 5 

o3Stttt*^</h*o;:&*«ffl* L ioot;fiBt©gT-&*u*\ *g 



WO 00/54982 



PCT/JPOO/01489 



T*££^b> ^^©ill^i LT(i530 t C^t>730 < iC< b^©Pli:*5: 

^ HE \z ti £> ^ fz t> © & S o C © ^ £ No. 25 © Sbfr b No. 3 1 © Ba £ T* *< 
C©iSH{cA<5o Sb,Pu > Mg,Al,Ba^*flC-r§^\ ife^TC^-e^ 

£PiK §MI4-e* SSb£Bfc^rt:Mg, Al, BaWM&tSo 



WO 00/54982 



PCT/JP00/01489 



















No. 


© 






No. 




Ms /XT 








(nm) 


CC) 






(nm) 


CC) 


1 


X 

Cs + 


18.1 


28.4 


41 


r 9+ 


8. 7 


Ann j 

937. 4 


2 




7.6 


29. 78 


in 

42 


Ge^ T 


6. 7 


" A AT 4 

937. 4 


3 


8b + 


16.6 


38. 89 


43 


1 Ag + 


1 o a 

12.9 


r\n* a A 

961. 93 


4 


■«rr 
po+ 


5.8 


44.1 


44 




i a a 

10.8 


n/» ■« A A 

961. 93 


5 


K + 


15.2 


63. 65 


45 




4i a 

11.2 


4 AAA 

1020 


6 


>T X 

Na + 


11.6 


97. 81 


46 


AC** 


12.6 


1 AC A 

1050 


7 


0 9_ 
S z 


17.0 


112.8 


1*7 

47 


Au T 


15. 1 


1 AC 4 JO 

1064. 43 


8 


S 4+ 


5.1 


112.8 


48 


Or 


9.1 


4 AAA 4 

1083. 4 


9 


I"" 


20.6 


113.5 


49 


n Ox 

Cu* + 


8. 7 


1083. 4 


10 


— 

In* + 


9.4 


156. 61 


50 


yOT 


11. 7 


1132. 3 


11 


Li + 


9.0 


180. 54 


51 




10.3 


1132. 3 


12 


Se2" 


18.4 


217 


52 




8.7 


1132. 3 


13 


' A Mx 

Se4+ 


6,4 


217 


53 




8.1 


1240 


14 


1 TT 


8.3 


23L 96 


54 


„ nxk 


9.7 


1240 


15 


— 

Bi3 + 


11.7 


271.3 


55 


u 5+1 
Miv> +1 


7.2 


1240 


16 




9.0 


271.3 


56 


Mir*™ 


7.9 


1240 


17 


T1+ 


16.4 


303.5 


57 


Mn 4+ 


6.7 


1240 


18 


Di 

Tl3+ 


10.3 


303.5 


58 


i> 9+ 


5.9 


1280 


19 


Cd2+ 


10.9 


320.9 


59 


Gd d+ 


10.8 


1310 


20 




13.3 


327. 502 


60 


DytJt 


10.5 


1410 


21 


— 

Pb4+ 


9.2 


327. 502 


61 


Si 4+ 


5.4 


1410 


22 


■ '-BT 

Zn2+ 


8.8 


419. 58 


62 


Ni z+ 


8.3 


1450 


23 




20.7 


449.5 


63 




7.0 


1450 


24 


™ Ex 


7.0 


449.5 


64 




7.4 


1450 


25 




9.0 


630. 74 


65 


r 9+1 
Co** 1 


rr A 

7.9 


1 4AA 

1490 


26 




7.4 


630. 74 


66 




8.9 


1490 


27 


~ Ox 

Pu3+ 


11.4 


639.5 


67 




6.9 


1490 


28 


Pu 4+ 


10.0 


639.5 


68 


Co* 5 ™ 


7.5 


4 4AA 

1490 


29 


Ox 

Mg* + 


8.6 


648.8 


69 




10.4 


1520 


30 


Al3+ 


6.8 


660. 37 


70 j 


" o 3+ 

Sc^ + 


8.8 


1540 


31 


Ba2+ 


14.9 


725 


71 


p 9+1 


7.5 


1540 


32 


Sr^+ 


13.2 


769 


72 


r» 9-l»h 


9.2 


1540 


33 


Ced+ 


11.5 


799 


73 




6.9 


1540 


A 4 

34 




10.9 


jay 


7A 
14 


re" 11 


7 0 


104 u 


35 


As3+ 


7.2 


817 


75 


Pd2+ 


10.0 


1550 


36 


As5+ 


6.0 


817 


76 


Pd3+ 


9.0 


1550 


37 


Eu2+ 


13.1 


822 


77 


Pd4+ 


7.6 


1550 


38 


&j3+ 


10.9 


822 


78 


Lu3+ 


10.0 


1660 


39 


Ca2+ 


11.4 


839 


79 


Ti 2+ 


10.0 


1660 


, 40 




11.7 


921 


80 


Ti3+ 


8.1 


1660 



20 



> 

WO 00/54982 PCT/JPOO/01489 

SP"^ ^J^(«*tWGe 2 Sb 2 Te 5 ^T'*n(f> ±IB-T * t M 

ttl.^5c*i LTAl^^E-rSCi^^So GeTe-Sb 2 Te 3 ^O^^JC{i 
\ Ge 2 Sb 2 Te 5 ©^^i|il^©Ci^AtTl>So £©*©»&«: 593^3 

iHtiiTOofco t>-&6^ AiJBWi>©5c*-et>ft : F4»i;:Asa& 

10 » ft^rtfc AS C t &m*t> btliZo 

AftSC So *SMB#&©£ifcfc«kfttfN Ge-Sb-Te£*Ge-Bi- 

15 J6iit?C <fcTll!)&L&^©ft±£^S Sn (tfcfiPb 

20 ©|S]±) jWt&tlfcjK AgiSn (tfctePb) ^^Df £ CI iTtB^m^ 
&m®fa±tMmfcmm®fo±ti < ffi^mj&Ztltz<, AgtCr (£ 

*<|Sll^{r^gJc^tl^o * tTSn (SfcftPb) tAgiCr (tfcttMn) 
^tctt^SCiTN &£Hb>tK©|Sj±. m#fi«©Gl±N «£Ltt 
25 t6©lS]±^|5l^lC^-rS-i^T'i^o 



2 1 



WO 00/54982 



PCT/JPOO/01489 



«(^^r*i)l00. T^flfe© locDffi-e^S^— T^e;U7 r x*B200£*c 

5 to CCTo IB&tmSliGe^ Sb. Te N Sn© 4 7Efg*> £<fS£$ftT^£ 
^£^00*©MllJ&5m0teGe-Sb-Te-Sn© 4 tgI^ fc> tt SNaCl^ 
fitjg£WLTfc*K NaCl3£1fi£©4a1M h (ClKfiS-rSiM r) teTe 
*<tSa6^ 4bi^-f h (Nafrie^-9 U '5-9-^ h) «Ge x Sb. Sn*<7 
j£>TVv<5 0 4b-* ^ Hcttlg^OAkfc^te^Xfflrt^SU 

10 (DmmZ'l^ <-r-SC«htc^LTl^o CtlKJ:^ MllffiiT*-;!/ 

15 ®2M^^:t^IHW *S.f B fi£#©#?tfc£c N 7* 
fS 0 A/C^0.01*W^ tv^o ::t\ ^i4ii:7 ; e^7 7X^t 

20 LTttIT < 5^(iSb-ett^<GeCD^#t>*oT> Ge©^^(C(i N MH 
„ 7t^7 T XGe©^fO^:^^)tett*^4LT^S©T{i^^^<bSt) 
1£_ ^ 77 xffi200© «tn?H\ £T©5tJ^v? nfcii««J$— 



22 



WO 00/54982 PCT/JP00/01489 

fiM-e*6 0 -©l^> feteftmofyoT * fry 7x*Bi20&j£j5J&f-*7c 

t LTU-*b-Hc-a% i t\^7 M'iLfc^^ Mai LTGe 

&tfSn£fcttPb©rt©4>fc< t$> lo N HbiLTSb. Bi©ft©4>tt<£ 
Uo, MciLTTe^ Se©rt©4>£ < <?: h 1 &ft » i&gKlJECT 
10 ft&©7tjg£^/tT*t>«fc^ 0 0RtfMn,Crag,Al,In^£^/ct>©£ffl^ 

-Sb-Te^^^^Sbt^liGe^^T^S L. «WWGe-Bi-Te^T-#tl 
tfGe£fcteBi#<M^-??&6 0 AglnSbTe^-e&tltf. Ink oJtlT-* So 
EI 4 B~I ^«9,10^ffl^btlSW!B«^»^t*W-^ 

15 -?&oT N «©7fef>fX^I^^^t«iI<!:LTl^$tlTl^ 
*>©(*> ^-©t*iiffl-r-5C<i:^RltiT*>So ^|^tfAl,Mg ( Si,Nb,Ta,T 
i, Zt s Y, Ge^©^>fb^^t fclil^lt^^ tt SttSJBx Al, B. Nb 
, Si, Ge, Ta, Ti, Zr^©M4b^XW:^$Mb!|» t> 5 *t*4JI> ZnS. PbS^© 
mfc®l, ZnSe^©-fel/Wfc«k SiCtg©£tfb$K CaFg, LaF^© 7 y ft® 

20 . X&Ctlh><Dffl®m&®, 0«^tfZnS-SiO 2> ZnSe-SiO^^ffl l^S C 

RlJJIllfcfcx ii LT&Jgrf>W^*U Au,Al,Ag,Cu,Ni,Cr,Pd,Pt, 
Si.GeXfcU C*lt>©F^©^t LTAu-Cr, Ni-Cr, Al-Cr, Al-Ta, Al-Ti, A 
g-Pd, Ag-Pd-Cu, Si-f, Si-Ta^£ffl ^ S :i*^l«o 



23 



WO 00/54982 PCT/JPOO/01489 

©igK&So 

15 Ge-N-W.Al-N-CO.Si-C-N.Si-C^Ctl^t-Cr^Al^^r^Jn L/cM*4 
. ^Jx.{fGe-C-N.Si-Al-^^ffll>5C<!:^^5o IB&Sj0<T *;b7 r 
XftmKb Z t £ ©^KJRAa^B^^i-* S <h £ ©TfclRJRAc J; *) *>*9 

20 J&bm^ZZtftT'ZZo 

ftWtWm ill iiSi ^ Ge^- X <h S £&*t£k Te^K- X <h 1 5 

M%vI1&r'&Zi>\ Si0 2 /ZnS-Si0 2 /Si0 2 ©ii o KJStfr§£©^tt 2>mM# 

mzntefcmf&vftmt z z t t>-r*§s 0 ztiz><D&mm2o, 21 



24 



WO 00/54982 PCT/JPOO/01489 

;Lt;f. Ge^ Te> Sb&tfAlXteGe N SK Sn N Cr&tfTe, XliGe. SK Te^ 
10 SnRtf Ag©<fc 9 {c : &^5cSt»*«:ii^^i>J^"e@«>^ *>©*fflV^S C 
£*n?££ 0 h*©^lfc{ife*5«k^tH^M©«S^^-i6[$-a- 

15 im^Ddfxl.5^S(^L^ 0 ^jt^©TOT-{ia#T^;l/7 r X« 
H©^-^^g^$ ft -5 ^\ -fl&K & £ ft&MH>fbf£;f£ $ Tfc < *0<3S 

Ell 0 (i#§£W©B^tfM * »J t^-T x (S^fiSt© Rj&^fty * U ) 
Ai 2 o 3 tg©-fe^ >y?«*. si^Cu^. ^I^li^:i^-e^5 



25 



WO 00/54982 



PCT/JPOO/01489 



|!ivX7£^LTSi0 2 ^SiNlg©&^#e25£J«U & Z>K±m®%: 

(Au)27^«Sf-<5o BS24t270iafci^ X>f y f-28*4r LT/^PX* 
flS30*<#ift * tlT ^ S o as-depo. jRJSTiBSttstri'Rftfc * 5 IBft8K$|gii 
5 ikL&&ftKBtC&&tZtL#>telU X>f yf-28*BBi;(X>f yf-29tt 
MX MHK:«B:*BJiD-*-<5o fita:ttiix>f yf-28*ii*^ xf >yf-2 
9*Hi;Tfitlt;ffl5E»31K:J:»J*tilT*«o ffiStfcttttfr&* ffftiSffi 

38lffl-eWtO"t-So fiffilt©&flsttx>f vf-28*H§^ X.* »f-29*BBK 
10 T«ifc«l£831K:J:0*ftaj-e*So CO^t'J Wxtvh'Ji'XW 

15 ol^T&^So LT^£0.6mm N it&120mi)u l*9&15mm©T^ X ? 

aj0«O.74^B©BaCi** < S«^ffiK^BJc$tlT^«o «*m-^«rl2S 

20 oTx4 X^±©ffilt©fi[g^i^lllT*^So *$±fcx ff$150nai©Z 
nS : 20nolXSi0 2 ftMx JP£20nm©Ge 2 Sb 2 Te 5 Al 0 5 flHR N ff£5nm©GeN 
J^®J1> ff$40nm©ZnS : 20molXSi0 2 ^M^ J?$60nm©Al 97 Cr 3 £&£ 
Lfco 'SilCtt^ ZnS-Si0 2 »|g^-yy h£fflV^ Ar 

25 li^ft^ftO^&^-y* h^ffl^x Ar#X&X'*y *#X<hf-£DCX 
><y*flU J?®/i©?fcJ&Kf*Ge*->r y h£ffl^> Ar#X £N 9 ;tf X©M 



26 



WO 00/54982 



PCT/JPOO/01489 



fioyimz xniHijfTM^^ t:^ ^-r^tw/N o - h°- ? © m £ n * 

(H«J 2 ) 

05&;&±KGe2Sb 2 Te 5 Al x ©&&j£5£-eAl : x=0.0. A2:x = 0.2. A 
3 :x = 0.5> A4:x=1.0. A5 : x=l. 5. A6:x=2. 0. A7:x = 2. 5. 
15 A8:x=3.0©8SS©*t^M^DCX/^y^S^J;J3B^L/Co 

xm^«^L33xlO~ 4 Pai L> Ar£a»A tTL 33x 10 _1 Pai L*&#T* 

> * V- KtiSglOOmm^©^*-^ «y h RdKlOOW©/-? 9 - Sr&A L 

> g$20nm©^M ; £-^tfco CtlbO^^rSO^/^O^zaii^TtJn 
Ift L £ i)< h He-Ne 1/ - If ±U £ ffl V ^Til^t ©£ft£*-*-U 

20 ^B^b{c^oTSii^^§ <M^1--5SSt^MJL^ 0 *£m£^3fc 



^3 Ge9Sb9Te5a 








Al 


A2 


A3 


A4 


A5 


A6 


A7 


A8 




0 X 


2.2 X 


5.3 X 


10 % 


14.3 X 


18.2 in 


21. 7 X 


25 X 


T x 


18(TC 


1831C 


189t: 


200V 




255°C 


305°C 


35(TC 


T cry 


® 


® 


® 


© 


O 


A 


X 


X 



27 



WO 00/54982 



PCT/JPOO/01489 



^E#&Ktt£li^£*LT^So c©*ufc©«^ *s^a©?iSD 

h&©10X (4b1M h©20*O t^t^ SttHTfAlg?*** 
^it^SfeS^iiDdflcft LT> Al : (k A2 : 0. 2x Ddf N A3 : 0. 5X 
5 DdU A4 : l.OxDdf. A5 : 1. 5xDdf^ A6 : 2. OxDdf^ A7 : 2. 5xDdf 
> A8 : 3.0xDdfT*t)s Umhb~Mr~im?XU : $:Mlbi:& 3 C i K 
ttSo #K»|ci5^TN AlJSg^©£ttfflJi&fc£i6<5iI£fcU Al: 

0X^ A2 : 2. 2X> A3 : 5. 3»k A4 : 10*> A5 : 14. A6 : 18. 2^ A7 : 21. 755 
% A8 : 25K-e&So 

;l/K(Rietveld))*{wJ:oT^^^ V^ftOifcil^kAl^MIIIM M-A 

A6. A7. \ST-\m&%?K A*) &isnizm?1>m& 

<> Al£g£glfc>S^T'fl!i©5t;fit. 0J;U*Sb^Ge^tfrtfJ«^t&ttt>& 
5 o M^-fb^i C S C^Stt U - if M&B#fia Ji Mmm 1 1 1> leg < ft S 
Z.t&t>fr^1to 70nsOT-e&il'rbLrt:Jl&£®> lOOnsJg/. 

T©*i££CX 200nsJSiT©ii££A. *n£l±^^**^* x t'i L 
20 T^£ 0 3fc©W&X#y hfi£l/e 2 T'^L*:J#^ St^E© DVD-RAM 

Wt>tiTl^^^ti^^660nDi. ^U>-X©NA^0.6T*5^b. 
mmmKm.Vb fimUmzte & 0 C©l/-lPx#y M<DVD-RAMfr;ffl^-<r- 

^t>> O©^ X^-e*tlli\ ^ff©DVD-RAM^Xx A-.jlJB RUfcT** 
25 -5c *^ $|^S9m/s^±©^XxAT'%^ffi;RjtlT*5o ©CrU 



WO 00/54982 



PCT/JPOO/01489 



(H«J3) 

660nm© U - if * - Kfr £§g L ^TfrSS^NAO. 6©*Mfcl U > X£i? frft 

JgffiOffiftttK:** LT-3dB©ig*l£^-*.S'*'7 -fcl. 3£H t° 

^£^TM4>^S£^?^fa£*Lrt:©-C\ ft!*W20dB&jg*.3T 
(5|/n°7-- i _hI^/N 0 7-©cj3^^it^^<-f 7X'*«7- <h Lfco 

TX/n°7-) , C/N. «**©«^ 7^Afif*«»)igU-^ 
7^ hfB&Lfcfl^ 5***-«W13**il;£tt^llllfc**"*"o 



fa? 


a 1 


a2 


a 3 


a4 


a 5 


a 6 


a 7 


a8 


A 1 zUfS 


0 X 


2.2 X 


5.3 X 


10 X 


14.3 X 


18.2 X 


21.7 X 


25 X 


ml 


10. 5/4. 5 
mf 


10.5/4.5 
ml 


10. 5/4. 5 
mV 


10. 5/4. 5 
mW 


10.1/4.6 
mf 


10.0/4.9 
d1 






C/N 


50 dB 


51.5 dB 


52 dB 


52.5 dB 


52.5 dB 


52.5dB 


52.0 dB 






25dB 


30 dB 


34 dB 


35 dB 


29 dB 


21 dB 


10 dB 






3X1Q4 


1X10!> 


>1X105> 


>lxl0f 


1X105 


2X10 4 







29 



WO 00/54982 



PCT/JPOO/01489 



^@*a^.«iit)igLiHi»*<»&nys:o c/n. m&m> nvmi 
M^Ki^ofco Ais&#&?*«©i£££U:fcfc 

10 »^-^i<4«o 7VX*a7s a8T-(i. ? y * - tt|flJ8fr 
(01*014) 

±mmmm 1 ©IE&Jgi©il&J&£(GeTe) x (Sb 2 Te 3 ) 1 _ x <b U x©fg£0~ 
tr0.2X<h0.5XT'^V^ Et&O. 5X©*IJ*-eiX> 1.5X. 2*. 2. 535 

s § „ n *) m l @^^^an©ii^«k t) t> $ n s fe&nsg© «sh £ 

f£EU:KWtf. ^o. E^|£iiffcj8&a<*§S>ftSl6fflx W^150ns£lT 



25 



30 



WO 00/54982 PCT/JPOO/01489 



m 5 (GeTe) x (Sb^Tea) g - x ^<Pggtt A 1 maMfe 



xfit 












LfcB#©Ddf 


A 1SS: Dl 


OA lgg: D2 




0 


16.7 X 


— 


— 


Sb2Te3-ecDt>CD 


0.1 


16.1 X 


0.2 X2SD1£24.0 X 


3.0 X^D2^16.0 X 




0.2 


15.4 X 


0.2 X^D 1^23.0 X 


3.0 X^D2^15.0 X 




0.33 


14.3 X 


0.2 X£D1£22.0 X 


3.0 X£D2=£14.0 X 


GeSb4Te7 j 


0.5 


12.5 X 


0.2 X^D1^19.5 X 


2.0 X£D2£12.5 X 


GeSb2Te4 


0.67 


10.0 X 


0.2 X^D1^16.0 X 


1.5 X£D2£11.0 X 


Ge^Tes 


0.8 


7.1 X 


0.2 X^D1^11.5 X 


0.5 X£D225 8.5 X 




0.9 


4.2 X 


0.2 X£D1£ 6.5 X 


0.2 %£D2£ 4.5 X 




0.91 


3.8 X 


0.2 %£Dl£ 6.0 X 


0.2 X2£D2s£ 4.0 X 




1 


0 X 






GeTe-ecDfc© 



l t m®, £ n 3 &^«© mm. d df © it- h^tt: 0 m£>ot>frz 

i 9 fc. *&^fi©^SDdf(i(GeTe) x (Sb 2 Te 3 ) 1 _ x ^2 7C^*i^©GeTe 
15 #J*^Sb 2 Te 3 #J[cj£-^< I- Lfc^'oTiiALT^ < 0 CtlfcftLT, Al 

B!7te> CftS>©l»&£^7 7Kl*:k©T\ HgUiDdf. #teiIIE 
lsH©±IS^ Afi*iI$Bffi©±IS4ii£^LT^6o SiIieffl©±ISIt 
20 fi> x©^*</Jn$ < TDdfO&ft^A^tt^fcU &{£Ddf©ttK — & 
LT^£j^> x©4i^*£ < fcoTDdf©4I*M^ < Ddfct ♦? 

*>20*gE*£&©lt£*^<fc?f-fc^"^6° Aiasflnti©— 

> * ^ ^ a6 © & in n k & s ^ e> it t m m z ti s 0 

25 (SSJ60J5) 



3 l 



WO 00/54982 



PCT/JPOO/01489 



-><5>f M5^LTCNJt^SiJ^Lfc^> fiK90*C • M^80*RH©M^ 
m^2Q0mr^WLM.Lti^ PI— ?©CNjt£z»J5£Lfco *£JH£^6 

fcCNJfcOfiT^ldBJKTT?* o iz Z t, Ofi*08§©CNJfctf<50dB 
5 H±T100l*n©»»KII^CNtt©ttT3ft<3dW6lT'C*ofcCi^ A lift 
J8CNJtli50dBJgt±T?fc o Jna»B©*£*3dBJ«±0CNJfc<£T*<« 



%6 A l^lD^lfofc(GeTe) T (Sb ? Te3)n-x^7 f ^ X?Oflttiiai&fe% 



10 



X 


0 


0.1 


0.2 


1 — a 1 

0.33 


0.5 


0.67 


0.8 


0.9 


0.91 


1 




A 


A 


O 


O 


© 




© 


© 


X 


X 



±sZmmm 4 ©|2^M©*ag!c^(GeTe) x (Bi 2 Te 3 ) 1 _ x t LTj^S©^!* 
15 ftfco 

±fBHWJ4©fB^M©^ ; S:(GeTe) x (M 2 Te 3 ) 1 _ x (M : Sb<hBi©£^ 

20 CH«S«8) 

iE»»©*Bfi&*(GeTe) 0 gCSbgTeg)^ 2 K1%<D kmUatft ^ fz *>© <h L 
. Ar#x£N 2 #x©#EE£^x.£C£tc t kiK BI + ©N*K*£*.fcx 

25 /<9-)t U 3li£Jg9m/s©£#-e. If * hft*0.26/«i©5 ^ AflT9 



32 



WO 00/54982 



PCT/JPOO/01489 



5K^£>& £>*>*U i^*5X< irt<#* L^Cii^ofco 





A 


B 


C 


D 


E 


F 


G 


H 




0 % 


0.1 % 


0.5 % 


1 % 


3 % 


5 X 


10 % 


20 X 


C/N 


51.0 dB 


51.0 dB 


52.0 dB 


52.0 dB 


52.5 dB 


52.5dB 


49.5 dB 


45.0 dB 




11.5/5.0 


11.4/4.9 


11.1/4.6 


10.8/4.4 


10.5/4.1 


10.0/4.0 


10.0/4.2 


10/4.4 


■f 


■1 


if 


Bf 


Bf 


nf 


mf 


nf 


nf 



10 



15 



20 



25 



L L O 

^*io i^Mi LTtt>f *>¥a®3E^5c*^&V.S.Si.P,Se,Ge.In.Re 
,Al,Co,Te,Cr,Ni, »j&©ffiV*7G* t LTSb, Pu, Mg, Al. Ba, ZlXZtl 



h t iiBiJ© fKMt £ t>© £ L TAg, Pb,{S#£30\ * n«etl5ato 
(H«»J10) 



Cc 3 Al 2 Te 6 E»«K:»*tt*llO«5*^V^ ^©IB^tt^P^^o mta 
3<h LX\U *ttK:¥l6tttt»T?Tei©S4fi^lSBl*ji*BJiR1-*7C# 



33 



WO 00/54982 



PCT/JPOO/01489 



tLX, Sn(SnTe£J&g£X Pb(PbTe£fi2J&X Ag(AgSbTe 2 £JgJ&)£;l 
. ^-tl-etl5Xi8.5X©2oCD^T-^apL^o 1 > 3lcipCTx 

fciJStifco Sfc* *-'<?4 hO*0jgLtt*l*H^feiC6> IT?® 

EI 8 A ~ F RtfBI 9 A ~ E Iw^Jfi^J 1 0> 1 1 Kt£ t rt:ft^tf!#^ife 

10 <tteTKii (vacancy) li4b-^-T h££a6. ffi&Kfc C ^Sg^T'^i^ 
•(^Jfe^Jll) 

±fSHJfe^J4't?Sb^Al{cg^^^ N IB^M0^^(GeTe) x (Al 2 Te 3 ) ( 
1-x) (x=0.67> 0.8) £LTfia»K*3BfiSU dtiKH/— !fJR»*lTo 

Sb£fcteBi£3at*j&flDLrt:x>r Z*"T?M\ ^"f *l©ii&{w $>SBM£*< 
1 OStiS^ <4S:i * WJ Sfrlfco . . 



20 IIJS^l^^i:-CS4(Ge+Sn) 4 Sb 2 Te 7 ] aoo _ y j£E^ttM^X) ©*B 

iSSTf Sn©«llS^# if © £|RJ££r<ET 5 £ § . 
x=0, 1, 2, 3, 4, 5, 8, 10, 15, 20* 
y=0, 1. 2, 3, 4, 5, 8, 10, 15, 20* 

KftJfrtS^ttaOOg)*-?^ X?£i*ftLfco I8tLtfSf0.6B 
25 . i£gl20MU F*9gl5mi©r X 9 $© * U * - >f h$JJMS&£ffi 




34 



WO 00/54982 



PCT/JPOO/01489 



£70nnu fttf©ffiO. 615/eiu 5 y K«P©«0. 615#m©ISfi$Wit3?£ffi 

«j-e££o S=K±i-> J?$100nm©ZnS : 20molXSi0 2 ^g N J¥S5nm©G 
©GeN^SJi^ Jp^OnmCDZnST^olXSiO^^Jl^ Jg£40nm©Ge3; fzit 

JfttfJKO^ffittCSOtls 90XBHT'200HT'©^-rX h &)© 3 S g «fc t> 
10 fr^fco y=0, 2=0©-^^ x^^Iii LT^flSLfci c 5. Sn*ft*< 

„ T*^7rX©^ttii^^igLlHl^«it^:L^o SJIn Sn««*<3X 
15 ~15X> ^o. CrftK^lX-lOXOttiat-a^tf 3o©K«|3SB©^r-e 

10X^ Cr«KlX~5X©f5fflT?ttl* t) £ L@»©|6|± <!: $&J&g©£5£tt 

(Hife0J13) 

20 2izW£T^ C(Ge+Sn) 4 Sb 2 Te 7 )] (100 _ z) Ag z (zttJB^X) © 

ill^TSn© $aj&£# £ 46 5 £ij££x £ -T £ «h £ > 
x=0, 1, 2, 3, 4, 5, 8, 10, 15, 20% 
z=0, 1, 2, 3, 4, 5, 8, 10, 15, 20* 

25 mmw&Zo zomm. snmm&m*tz 



3 5 



WO 00/54982 PCT/JPOO/01489 

5 tl^t>tl^Ci^B6^J6btlfco £ *9fc>tf\ Sniig5X~10Xx Ag^gl 
(HJ6«14) 

^WJ12> lSKlPCT^ t( Ge + Sn ) 4 Sb 2 Te 7 )] (100y-z) Cr y Ag z (yli 

x=0, 1, 2, 3, 4, 5, 8, 10, 15, 20X 
y=0, 1, 2, 3, 4, 5, 8, 10, 15, 20% 
z=0, 1, 2, 3, 4, 5, 8, 10, 15, 20* 

cttjs-raioooa©&f 4 x**Kf*Lfco £*©*!** 

15 BttEli:"C*So ttlk Sn^g#3%~15X> fro. Cr«K*<l~5Jk AgM 

ganx^ioxoiGfflKS^tf 3 o©u^s©^T-ePi^^±©ttti^ 

tiim^tb^>tlfz 0 <t*)fc>tf\ SnigK5X~10X. Cr«ElX~3 
!k AgMmx~3X©$^^{i{§^>PS©*££ft±£. S&^S©3c£ 

20 15) 

% mmn. 13, 14 1; rcr^Mnir it s «*. -c Etta: *ss*«ii & n 

(HUS01J16) 

HJfcfl|12, 13, 14, 15©HI*£n #*t» J £r(6eTe)x(Sb- 2 Te 3 ) (1 . x) « 2 tc 
(0<x<l) > GeTe-BigTe^ 2 7n&#*4 (0<x<l) Kfi^gl*. 
25 -C'rtte^ Et*tt3&**l*BLfco 0. 5^x^0. 9©HHT?« 



36 



WO 00/54982 



PCT/JPOO/01489 



Jg£0.6mm©#U rt-tf*^ hS^±t-> * $1 ^ m ® Ge i9 Sn 2. l Sb 26. 3 
5 Te co c (atom*) *&fc J; »3 JgfiS L*: 0 £©R©£iBfc'l' 

OZ. D 

£>tf{;:WPPFj& (whole-powder-peak-fitting&)£)B 
*ia»#f i C 5s ±iE!BI(iNaCl^©&ilte i7^7 7 Xffi^ 

i^ofc 0 ±gB»Rffll«tt(Ge + Sn) 2 Sb 2f 5 Te 5 t^-T ^ i:*<pr«lT? 
C©^^^ttSb2.5^^©rt©^0.5^*^^{-A»5 § b"f 7 

y 7 xm&ft®&Mift®ftfcMtZmJ&<D : £fr&C>%\& r liO. 5/1 = 0. 5 

cmmmis) 

jgih£j£g££*LT*>*K lOOnsOTT^^fb^iEt 5 &©£©> 200 
ns£TF£(X SOOnsJaT^As **i£Lh£ x <h LT^ S Q ^©v'Xt- 



37 



WO 00/54982 PCT/JPOO/01489 



8 #im&timR.iffi&ittm 



20 



No. 






HHP 


r 




1 


G e 3 Sb 2.5 Te 6 


+SbT*^7 y X*B0. 5^ 


16X 


0.5 


© 


2 


Ge3Bi 2 . 8Te 6 


NaClB*SS*Bl*>M, 
+BiT*^7 7 XffiO. 8*A< 


16X 


0.8 


© 


3 


GeSb 2 .5Bi 2 Te 7 


NaClBiSSffll^^ 
+Sb+BiT ; t;l'>' 7 XffiO. 5^1/ 


28X 


0.5 


© 


4 


Ge3SnBi2. 7Te7 


KaClJBIHMIl** 
+SbT*;U7 r X*§0. 7^^ 


16X 


0.7 


© 


5 


Ge2 Sb 2 Cr 0. 3 Te 5 


HaCUBttfiffll*;!/ 
+SbT€-;l/7 7 X*I0. 3*^ 


20% 


0.3 


© 


6 


GeSb 2 In 0- 2 Te 4 


NaClJBfelMll*;!/ 
+Sb7**7 7 XffiO. 1** 


25X 


0.2 


© 


7 


GePbo. lBi 2 Te4 


NaClJBI§g*BHr;U 
+BiT^;l/7rX*B0. 1** 


25X 


0.1 


© 


8 


GeS^. 2Seo. l Te 3. 9 


NaClJf^UfBUr^ 

+SbT^;i/7 t xffio. 2*;i/ 


20* 


0.2 


© 


9 


fe 3.5 Sn 0.01 Sb 3 Te 7 


NaClfl^HtBl^l/ 
+SbT€r;l/7 r X|gO. 01 ^ 


16X 


0.01 


© 


10 




HaClj|»SBffll** 
+SbT : e;L'7 r XtSO. 3*^ 


16X 


0.3 


© 


11 


Ge3.5 Sn 0.5 Sb 3 Te 7 


NaCHSttftlBl** 


16X 


1.0 


© 


12 


Ge3.5S«i0.5 Sb 3.5 Te 7 


•NaClJKftaffll*^ 
+SbT*;t/7 r X*S1. 5*^ 


16X 


1.5 


o 


13 


Ge3.5Snfl.5 Sb 4 Te 7 


+SbT*;l/7 r Xffl2. 0*A- 


16X 


2.0 


A 


14 


Ge3.5Sn0.5Sb4.5 Te 7 


HhC1JBIMMB1«* 
+SbT*;l/7rX*S2.5 ; eA' 


16X 


2.5 


X 



25 



38 



WO 00/54982 



PCT/JPOO/01489 



^®{c^l$60niD. HO. 60m©ig^f£JIM LfciEgl20mnu J¥3 0.6mm 

©#y yt 1 * x?mu±Knmmi 8©no.9-no.i4©ih^ 

5 «BMR£IUi»j£fc-fr;fcljU U-1fIH»*(ToTEIiJl*tSfift**A:o 
^■llJifcttli ft g&©±fc\ ^$90nm©ZnS-SiO 2 

: 20mol*JI > J? $5nm©Ge-NS> ©S20nm©fBI§Jls J*£5nm©Ge-NJl N 
m $25nm©ZnS-Si0 2 : 20molXg N 0& 100nm©Al^^S^»S t 6 S 

10 X *©#tt£fMffi-r <5x»v*te> #^650nm©#fe¥#ftU'-lF 

SLfcC/N*<48dB*a;U |H|l^^fim^©DC^*$ (MJML) ^25dB£ 
© qrti*£8§!i£g©±l®T*fc So 

#{^fe^Tx ^-rn©x^ x^^i^isi^a-r^^i^^igLttti^^L 

25 



39 



WO 00/54982 PCT/JPOO/01489 



No. 




r 




warns*- 


9 


Ge 3.li Sn 0.(11 Sb 3 Te 7 


0.01 


>507J 


50. 0 n/s 


10 


Gea s Sno. iSba. S Te 7 


0.3 


>507? . 


30. 0 n/s 


11 


Gea. sSnn. RSbsTe? 


1.0 


307? 


10. 0 n/s 


12 


Gea.RSnn.5Sbq.5Te7 


1.5 


HOT 


3.0 n/s 


13 


Gea.5Sno.5Sb4Te 7 


2.0 




1.0 n/s 


14 


Gea.sSnn5Sb4.5Te7 


2.5 


17} 


0.3 n/s 



(nafem o) 

«±K> S@<t LTAu^0.1^m©J?${CX/N°y *j£-ej£g£L *:©*>. d 
10 <D±\zm.m0. 5mm<DPi&ft%:1ii- X 9 Zft LSiO^^rlOOnm©^ 

- K$££tf ^x-r >Vltio C©S@KfC/N°;UXfil00ns©^P^> 500mV 
15 &LtZo C©^ : ffc'- ? ;l'*$§80ns©B#R^ 100mA©«ftE£iISL 

^m±©fijfflqr^ 

25 



40 



WO 00/54982 



PCT/JPOO/01489 



It $ ® H- H 

5 StmB*«;ifc«*ES*fc#T?* ~> t> 

MBfE&JI£^J&Th5fB&#*4#\ T!BAXteB0fcmT-&*K fro 

10 ^Stm 

2. me b j£#© © «t» © i&ieissfca&a * Hue t * * 7 r 

15 *ffltt#©*;Hfc*<2. O&T-efc £fjt#^ 1 £E4t©ttlffE£tt#o 

3 . huIBb j«^© nriKW«c^*<«riBtt^ffi i m-ffl t © ffl-e&B* s 

lt#g 1 fcE*&©titffiEiii«#o 

4. HuiB^^a^^^M^^NaCl^-e*>Sit*51 fcE«©flMB 
20 5 . 1ffiEte^S*£frfe£**t+fcTe* izltSeZ£ttm?m 1 KE8 

©m^tB^^o 

6 . fifE B)£#©^£ffi£^fifc-f £ I5ET*>»U7 r X*BSB#frSb. Bi, Ge 
E&lfctto 

25 7. MIB^XM^^t;M B B B «IB^Ge,SbR^Te^^t;tt*^ 1 fcEtt 

©tit«E«ii#o 



41 



WO 00/54982 PCT/JPOO/01489 



8. m$m?XU*$t;M&M&1) i Ge,Sb, MRtflefrZmiltlZ'Pte < 
t h-^Oytm^^ fro|tfE££ffl4»©7*;l>7 r Xfijc^^Ge.Sb 

5 9 . Miate^ h fcSn, Cr, Mn, Ag. Al, Pb, InRtfSe 

ffco 

10. MI2^^a^^t;^«lig^\ ££KSn-Cr,Sn-Mn,Sn-Ag,Mn-A 
g,Cr-Ag,Sn-MnRtfSn-Cr-Ag £jS(;T*l£4>tt < £ o©ffl«&&fc># 

1 1. msm=PXM®'J>te < <ht>-SB£Sa6£7cf^\ Tei3f5Ett<fc^ 

Wo 

1 2. ttKtt^$CJi©4>tt < £t>— #&Si£>*5G*©-f*>¥a&RiB 

„ 0.7Rnc<RinsS1.05Rnc ©M&S-Stfc-tlS^ 1 K:E*©1* IfiE 

13. WE*^*©^tt< <hk— SB£S#>67cf£©§ll;£ ; £rTinu ME 
tefi«JS*<j:-refi©»J^*Tnct-rstSx I Tim-Tnc| ^100*C 
20 ®Mff*ttfc?lft*91 fcE«©til*EeB#o 

1 4. ffiEfe?ftJlti>4>tt < ifc-SU^afeS5n^©^^>^S^Rim 
. M^Tirn. |(rEttS«ia*«iat-S5c*©>f*>'¥S©ft^««rR 
nc. Hk&*Tnc£-*-*££N 
0. 7Rnc<Rim^l.05Rnc I Tim-Tnc I ^lOO^OK^*^ 

25 fztmim i KizmommimmWo 

15. ffirEtt^a*S»*5c*©«10*K*Diii % BuE&HJiiii©* 



42 



WO 00/54982 PCT/JPOO/01489 



®*& : ?:X«©MgE£Ddf£1- £ ti. Dim^Ddfxl.5 (OM&ZMtz 
1 6. HijfBDim^\ 0. 2^Dim^Ddf ®m&*ffititm#.i% 1 5 KfB 

1 8. M!B^^»^^iL^^SIit^GeTe-Sb 2 Te 3 ^2 7n^ffl^ GeTe- 
Bi 2 le z M 2 5u&ifc&J!fcR c;GeTe-Al 2 Te 3 S 2 tc&*B £ ^ I* tl S 4> £ < 

io 19. ^xm^mtb65timi)^ix^?>m^mi SK^m<ommimm 

Wo 

2 0. MIBmf2^^M^^^M B B B ^jg^(GeTe) (1 _ x) (M 2 Te 3 ) x (fc/f L 
N MteSb,Bi,Al©9£© lo©x;f^ XliSb, Bi, KKOBMom^B^.')^ 

xcd^b^o. 2^x^o. 9^^fc-ri»^^ i 8 izmmommmufoo 
15 2i. mBx(Dm.ii<o.b^x^Q.^mtzi-m^m2 oKmmomn^m 

Wo 

22. huibib^h*^^ b£N£^tm*gi tzsmommzmmfco 

2 3. buIBNM^©^SDd (atom*) #0. 5^ Dn^5©iGffitwfc *!ft$lg 

2 2 K$m®®mmmmWo 
20 2 4. m«±jc N mmm^^^^-^^^xm^t 

wm*m^TMmz®mzMf&i. ^*n7n^^«toTBuiB^iio^^< 

2 5. HufBIBiiS^^^Lfc^N £ h {-H5IBtaP7C^(c<fc TfffB&ll 



43 



WO 00/54982 



PCT/JPOO/01489 



2 6. WEES*!**'** *j*£flJ^TBfifc3*U t&EX'<y*ftfcfc 



44 



J 

WO 00/54982 PCT/JPOO/01489 




FIG.1 



1/10 



WO 00/54982 



PCT/JPOO/01489 



120 110 




FIG. 2 



2/10 



WO 00/54982 



120 110 

(Ge) (Ge-Sn-Sb-Te-Mn) 




FIG. 3A 



120 110 
(Ge) (Ge-Sn-Sb-Te-Cr) 




FIG. 3C 



PCT/JP00/01489 




FIG.3D 



3/10 



WO 00/54982 



PCT/JPOO/01489 



-8 



FIG . 4A 



<<<<<< 




-12 

io 

•8 
-9 
7 



FIG . 4C 



-14 
-13 

-10 
■8 
-9 
•7 



FIG . 4E 




-14 
-13 

-10 
-17 
-8 



FIG . 4G 



////////& 




14 
13 
11 
18 
10 
8 
9 

19 
7 



FIG . 4 I 



/ zzz y 



-12 

-8 

-9 



FIG . 4B 



r 12 

10 
8 



NX 



FIG . 4D 



r-15 

^^^z^z^a^r-io 



8 
-9 
-11 



FIG . 4F 



-14 
-13 

: 18 
-10 
8 
-9 
7 



FIG . 4H 




FIG . 4J 



A/10 



WO 00/54982 PCT/JP00/01489 




FIG. 5 



5/10 



PCT/JPOO/01489 



1.5T 



Pp 



-P r j«j&/*»7 — 

-o 



1.5T 0.5T 



0.5T 



FIG. 6A 



pp 



Pb 



P r 
• 0 



FIG. 6B 



i 1.5T 0.5T0.5T 0.5T 
i , , r-i m p i i - 1 i i P P 



n 



Li L _ i L_ 
0.5T0.5T0.5T 0.5 



Pb 

P r 
0 



FIG. 6C 



6/10. 



WO 00/54982 



PCT/JP00/01489 




7/10 



WO 00/54982 PCT/JPOO/01489 




FIG. 8E FIG. 8F 



8/10 



PCT/JP00/01489 



Ge r\ Ge 



Sb S 





FIG. 9B 




Te 




FIG. 9C 



FIG. 9D 




9/10 



WO 00/54982 PCT/JP00/01489 




23 

FIG. 10 



10/10 



